Introduction
The Apgar score is ubiquitously used as an index of fetal asphyxia. Recently its reliability as a quantitative index of asphyxia has been questioned. SYKES et al. [13] reported that only 21% of babies with a l min. Apgar score less than 7 had severe acidosis defined as an umbilical artery pH less or equal to 7.10. On the other hand 73% of the babies with a severe acidosis had an Apgar score greater than 7 at l min. The rise of the catecholamines in the asphyxiated fetus has been suggested as an explanation to this [7, 8, 9, 10, 11] . The catecholamines increase every component of the Apgar score except skin color. The heart rate is augmented, respiration is stimulated as well as reflex irritability and muscle tone [4] . In order to further elucidate the association between fetal catecholamines, fetal pH and Apgar score the present investigation was initiated.
Material and methods
One hundred and eighty-one singleton deliveries at Huddinge University Hospital and Karolinska Hospital were included in the investigation. Clinical data are given in table I. Arterial umbilical blood samples were obtained immediately after birth with the double clamp technique. The blood was collected in prechilled tubes containing EGTA-reduced glutathione and centrifuged in a refrigerator. The supernatant was frozen at -60 °C until catecholamine analysis by high performance cation exchange liquid chromatography with electrochemical detection [3] . The lowest values which could be detected was 0.1 nmol/1 in 1 ml plasma. In 16 cases adrenaline could not be analyzed because of inadequate sample volume. In these cases noradrenaline only was analyzed. pH was measured immediately with a Radiometer blood gas analyzer or the Corometrics 220 pH System. Apgar score was recorded by the midwife as a clinical routine one and five minutes after delivery.
Results
The infants were divided in two groups: 167 infants with Apgar scores above 6 and 14 with Apgar scores less than 7 at 1 minute. Parity and birth weights were similar in the two groups but the gestational age was higher in the infants with normal Apgar scores (table I). The median umbili- (table II) . When Apgar score was above 6 at l min. 73 of the 167 infants (44%) were acidotic defined as an umbilical artery pH below 7.25. We found that there was a significant negative correlation between 10 log noradrenaline and umbilical artery pH (coefficient of correlation = 0.52, p < 0.001) and between 10 log adrenaline and pH (coefficient of correlation = 0.40, p < 0.001; figures 1 and 2). The 14 infants with Apgar score below 7 also showed a significant negative correlation between 10 log noradrenaline and pH (r = 0.60, p < 0.05) and between 10 log adrenaline and pH (r = 0.77, p < 0.01; figure 3 ). No correlation between catecholamines and fetal weight or between catecholamines and gestational age was found neither in the infants with Apgar score depressed below 7 nor in the group with Apgar score at or above 7.
We found no statistically significant differences between the sexes when the catecholamine levels were compared. 
Discussion
The material represents a fairly typical mixture of uneventful and complicated deliveries in university hospitals. Even though complicated deliveries are overrepresented to some extent, we were surprised to find that about half of the infants had umbilical pH below 7.25 and were thus asphyxiated according to the definition by SALING [12] . However, only 8 per cent of the cases had Apgar score below 7 at one minute, the conventional definition of asphyxia. This discrepancy between Apgar score and pH agrees well with the findings by SYKES et al. [13] . Our hypothesis was that the high concentrations of catecholamines at birth can overcome the effects of asphyxia.
The correlation between pH and catecholamines was found to be highly significant in agreement with previous findings [6, 11, 14] . This occurred regardless of the Apgar score. It is well known that asphyxia can stimulate release of catecholamines probably mainly from the medulla of the adrenal glands and the paraganglia [5] .
Most of the infants with low pH had normal Apgar score, even four infants with pH below 7.10. We believe that this is explained by their high catecholamine levels. The values seen in these infants were enormously high if compared to those during stress conditions later in life. This high sympathoadrenal activity can probably sustain the homeostasis and overcome the detrimental effects of asphyxia. The catecholamines do indeed increase cardiac performance [1] , stimulate breathing, increase irritability and tone. Only the score for skin color is lowered by the catecholamines.
In fourteen infants Apgar score was below 7 in spite of that their catecholamine levels were similar in relation to pH. One possible explanation to this finding is that these infants had lower gestational age and did not respond to the catecholamine surge to the same extent as the other infants in agreement with a study particularly on catecholamine levels in preterm infants [2] ,
The present results confirm previous reports showing that high Apgar scores often can be associated with low pH values. On the other hand the correlations between low pH and high catecholamine levels suggest that the catecholamine surge improves the Apgar score in acidotic infants.
Summary
The association between Apgar score, pH and catecholamine levels was investigated in 181 newborn infants with a gestational age between 29 and 43 completed weeks. Umbilical arterial blood was obtained before the first breath with the double clamp technique and pH was measured. Plasma adrenaline and noradrenaline were analyzed by high performance liquid chromatography. The Apgar score at 1 minute was above or equal to seven in 167 infants. Forty-four per cent of these infants had pH below 7.25. A negative correlation between log noradrenaline and pH (r = 0.52, p < 0.001) and between log adrenaline and pH (r = 0.40, p < 0.001) was found. In 14 infants the Apgar score was below seven. The median pH was 7.21 (range 7.02-7.32). Also in this group a negative correlation between log noradrenaline and pH (r = 0.60, p < 0.05) and between log adrenaline and pH (r = 0.77, p < 0.01) was noted. We concluded that the Apgar score is an insufficient measure of fetal asphyxia defined as fetal acidosis but rather reflects the vitality of the newborn.
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